SYNOPSIS An automated assay suitable for estimating urinary oestrogens in pregnant women has been investigated. Fluorimetry was found to have considerable advantages over colorimetry. The fluorimetric assay was simpler, more precise, more sensitive, and eliminated the need for correction for non-specific chromogens; in the assay of oestriol in pregnant women there was no need for correction for non-specific fluorescence. Spectrofluorimetric and photometric analyses, recoveries, and reproducibility show that the method offers a robust means of providing values for urinary oestrogen in pregnant women on a scale of up to 100 tests a day, the time of the assay being one and a half hours. Muir (1967 and developed an automated assay for total oestrogens in pregnancy in which the Allen correction for non-specific chromogens was replaced by that of Fournier, Shields, Neil, Hayes, and Papineau-Couture (1966) . Spectral studies of the effluent obtained during steady-state analysis suggested that this correction was justified. Brown, Mcnaughtan, Smith, and Smyth (1968) published a study of the estimation of oestrogens by the Kober colour reaction (Kober, 1931) coupled with the Ittrich extraction (Ittrich, 1958) using both colorimetry and fluorimetry. These workers found that at 120°C the Kober colour complex could be developed in five minutes and that a simple factor could be used to correct for non-specific fluorescence. We have repeated our original spectral studies and carried out spectrofluorimetric studies based on Brown's original observations. It was hoped that the use of fluorimetry would eliminate the need for two colorimeters and simplify the automated system. Methods Figure 1 shows the manifold used to compare Received for publication 15 October 1969. colorimetry and fluorimetry; for either the fluorimetric or colorimetric methods the other instruments were bypassed. Where necessary, urine samples were made up to a 24-hour volume of 1,500 ml. Five ml of diluted urine was hydrolysed with 5 ml of 50% hydrochloric acid at 100°C for one hour. After hydrolysis, the samples were placedin8 ml AutoAnalyzercups and sampledat20 samples per hour, with a sample:wash ratio of 1:3. The samples were segmented with ether, passed through two double mixing coils, after which the phases were separated. The ether phase was then segmented with saturated quinol in 50% sulphuric acid and entered the digestor; during its passage down the digestor the ether was evaporated off and the Kober colour was developed. The first heater was set at 1000 and the second heater at 1800; the motor gears were set at 6 rpm.
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Methods
At the end of the digestor coil, the Kober complex was diluted with water and then segmented with paranitrophenol in chloroform. After the extraction in a pair of double mixing coils the phases were separated and the chloroform phase was passed into the flow cells of the two colorimeters and thence to the fluorimeter. Working standards Of the stock solution, 0-25, 0-5, 0 75, 1-0, 1-25, and 1-5 ml solution were diluted to 100 ml with distilled water. These represented oestriol concentrations of 2-5, 5-0, 7-5, 10-0, 12-5, and 15-0 mg of oestriol per litre. Standard Technicon equipment was used throughout, with the exception of the modification to the digestor to alter the direction of the air flow and trap the evaporated ether (Conaill and Muir, 1968) . A Locarte fluorimeter (model number MK 5) with a flow cell attachment and a recorder box was used.
Results

STUDIES ON THE COLORIMETRIC METHOD
Specificity Several pools of urine from pregnant women were hydrolysed and each was sampled continuously until the recorder indicated that a steady state had been obtained. The products were then collected and 3 ml was placed in a 10 mm light path silica cuvette. The extinction spectra of the products were rapidly scanned at 10-m, intervals from 400 m, to 600 mu, using the Hilger Gilford spectrophotometer. The spectra of pure standards pooled urines from non-pregnant women, pooled male urines, and pooled male urines to which standard had been added are shown in Figure 2 . The extinction spectra from pooled urines from pregnant women and that from pure standard added to male urine were similar. The Fournier correction assumes that an ether extract of a urine, not containing oestrogens, gives a spectrum due to non-specific chromagens which decreases linearly from 400 m, to 600 m,u and that the extinction at 540 mix is half that found at 420 mik. We were able to confirm that in pools of male and female urine the decreases in extinction were linear. In the automated assay the 15 mm and 8 mm flow cells are used and the optical extinction of a solution of haemoglobin in the 8 mm flow cell was half that found in the 15 mm flow cell.
Linearity
The working standards were processed in batches of ten. Figure 3 gives Cartlidge, Spencer, Swyer, and Woolf (1961) . The coefficient of correlation was 0X83 which was significant at the 1 % level.
Studies on the Fluorimetric Method
In the automated fluorimetric method, an aspirate of water, extraction solvents, and colour reagents provided the recorder base line. This base line was read continuously between the peaks, and this ensured that each sample was read against a reagent solvent blank.
Studies on the Specificity of the Fluorimetric Method
Spectrofluorimetric studies similar to those of Brown et al(1968) were made of the Kober colour.
The apparatus was set to sample continuously' from pooled hydrolysed urines, standards, and water. The primary beam was set at 535 m,u and the monochromator moved through the spectrum from 450 mu to 600 mu. After each change of wavelength the recorder was allowed to settle before proceeding to the next. Emission spectra were obtained for pure standard solutions, reagent solvent blanks, and different pools of urine. By altering the iris diaphragm the fluorimeter sensitivity was adjusted so that the 500 ,tg oestriol per litre gave an 80% deflection on the recorder. The resulting spectra obtained at the higher sensitivity are given in Figure 4 . At this sensitivity setting and under normal wavelengths pools of urine from males and nonpregnant females gave the same deflection as the reagent blank; thus the use of the reagent solvent blank is a sufficient correction for non-specific fluorescence at this level of sensitivity. The blank spectra were made by following the blank reading on either side of the 555 mpt wavelength until there was no reading on the recorder. At the higher sensitivity the reagent solvent blank had a peak at 550 m,u as distinct from the oestrogen peak at 555 mu. This appeared to move the oestriol peak to 550 m,u, but in the difference spectra in the Table the peak was at 555 m,u.
Correlation with the Colorimetric Method
In Fig. 5 
Recovery of Added Oestriol
The mean recovery of oestriol hydrolysis was found to be 75 % deviation of 5'8 % (n = 15), and added after hydrolysis was 95 3 % deviation of 4-6 % (n = 15). T were used as routine quality contrc
Linearity of the Method
The standards were estimated in in Fig. 7 , mean values and thei viations are plotted against oest tions. The standard curve is linea litre at the sensitivity used in the r
Reproducibility of the Fluorimetric
The repeatability within the batch three levels, namely, 4*3 mg per li litre, 27-5 mg per litre; 12 assay, each level. At these mean values the standard deviations were 0-21 mg, 0-22 mg, and 0 79 mg. The reproducibility between batches was estimated on 15 occasions, and the mean result was 9'5 mg per litre with a standard deviation of 0-41 mg. One hundred estimations were carried out in duplicate; the mean result was 11-18 mg per litre and the standard deviation ± 0 54 mg.
Discussion
Any new method of assay must fulfil criteria of validity before it can be adopted in a laboratory, and applies particularly to a method which brings a difficult hormone assay within the reach of area 100 12.5 15.0 laboratories. The precision of the method was estimated at three levels and expressed as the ric method. The coefficient of variation; for the colorimetric ach point with the method it was 2-7 %, 6-4 %, and 8-0%, while for the fluorimetric method it was 4 9%, 2-4 %, and 2-9 %. As the oestriol concentration increased, the colorimetric method lost precision, but this was not so with the fluorimetric method. At the Len, and finally lowest level, 4-3 mg per litre, the fluorimetric [ing. The carry-method appeared to lose precision. With the e was calculated sensitivity setting of the fluorimeter used in the both the colori-routine assay, it is not possible to read oestriol Jrines from non-concentrations to an accuracy greater than 0-2 mg ion. In Fig. 6 is per litre, which would explain this apparent loss of ;imated by both precision. The colorimetric method had a coition for this set efficient of variation between batches of 6-1 % at 26-4 mg per litre, while the coefficient of variation for the fluorimetric method was 4-3 % at 9 5 mg per litre, which agrees well with the coefficient of variation of 4X8 % by the method of duplicate analysis. Our coefficient of variation for the automated ureas using diacetyl monoxime within added before the batch was 1 6 %, while between the batches by with a standard the method of duplicate analyses it was 2'8 %. As that of oestriol this is a relatively simple analysis compared with with a standard the oestrogen analysis, we feel that the coefficients 'hese recoveries of variation for the fluorimetric analysis are good )Is. and offer an improvement over the use of colorimetry.
The sensitivity of fluorimetry is greater than that of colorimetry as it was possible to detect less than 500 ,ug per litre but, with colorimetry, levels of less than 1 mg per litre could not be batches of six; reliably detected. The enhanced sensitivity of the ir standard de-fluorimetric methods is well established. Van triol concentra- Kessel, Seitzinger, Schreurs, and Versteg (1969) Unlike van Kessel et al (1969) , we have retained the ether extraction. The use of ether rather than air segmentation, suggested by Child and Caisey (1966) In conclusion, we regard the automated and fluorimetric Ittrich assay as a robust assay which can estimate oestriol on a large scale in most area laboratories.
